This paper describes a scoping review of 42 studies of neighborhood effects on developmental health for children ages 0-6, published between 2009 and 2014. It focuses on three themes: (1) theoretical mechanisms that drive early childhood development, i.e. how neighborhoods matter for early childhood development; (2) dependence of such mechanisms on place-based characteristics i.e. where neighborhood effects occur; (3) dependence of such mechanisms on child characteristics, i.e. for whom is development most affected. Given that ecological systems theories postulate diverse mechanisms via which neighborhood characteristics affect early child development, we specifically examine evidence on mediation and/or moderation effects. We conclude by discussing future challenges, and proposing recommendations for analyses that utilize ecological longitudinal population-based databases.
Introduction
The 1990s saw the emergence of a series of empirical papers demonstrating that the neighborhoods in which children live, play, and go to school, particularly those rife with poverty, matter to their health and wellbeing. Important theoretical contributions such as W.J. Wilson's The Truly Disadvantaged (Wilson, 1987 ) and Bronfenbrenner's social ecological model of human development (Bronfenbrenner, 1979) foreshadowed this research. These scholars postulated a concept that was relatively new at the time -that the neighborhood context, in conjunction with other factors, such as child characteristics, parenting, and family resources, matters to the wellbeing of developing children. Now well into the third decade of this research, there is strong evidence to suggest that the social, economic, cultural, and built characteristics of children's neighborhoods lay down important, sometimes life-long foundations for their development. Research in this field has simultaneously benefitted from methodological and technological advances in the last few years. The development of infrastructures for population-based longitudinal data capture and linkage, geospatial mapping, and statistical software to test complex multilevel and longitudinal mediation and moderation models make it possible to systematically test sophisticated hypotheses about the contextual influences on human development Nickel et al., 2014; Jutte et al., 2011; Roos et al., 2010; Mountain et al., 2016) .
Despite these significant developments, previous reviews (cf. Sampson et al. (2002) , van Vuuren et al. (2014) ) have criticized the existing research for having limited capacity to inform effective policies and interventions. Sampson et al. (2002) argued that confusion over the direction of causation due to selection bias (the ability for people to self-select into neighborhoods) is one of the more important methodological limitations for interpreting statistical associations between neighborhood factors and health. Broader criticisms of the literature harken back to Jencks and Mayer (1990) argument that neighborhood research is a "black-box" (Galster, 2012, van Ham and Manley, 2012) , showing that neighborhoods are important, but revealing little about the processes that produce inequalities (Jackson et al., 2009) . From an empirical standpoint, this gap may be understood as a dearth of evidence about underlying processes, mechanisms, or pathways through which neighborhoods may affect children's developmental health (Sharkey and Faber, 2014) .
To advance a research agenda that will fill existing gaps in the literature and avoid the pitfalls of past neighborhood effects studies, we pause to review this burgeoning literature. We focus on what is known (i.e. where we are) and especially on what we need to know to advance this research further (i.e. where do we go from here). This paper begins with an overview of the theoretical frameworks underpinning the literature on neigbourhoods and their effects on developmental health. Next, using scoping review methodology (Arksey and O'Malley, 2005) , we synthesize recent empirical evidence of this relationship along three dimensions: 'how' (the structural and mediating pathways), 'where', and 'for whom' (the neighborhood-and child-level moderating factors respectively). Given the empirical and technological progress in this field over the last few decades, we argue that it is not only possible but also imperative for future research to examine these questions using mediation and moderation analyses. In our discussion, we describe how a Canadian intersectoral coalition of researchers and governments aims to meet this challenge with a national databank that monitors early child development and neighborhood characteristics (Guhn et al., 2016) . We close by drawing from the evidence summarized in this paper to make recommendations for future research in the neighborhood effects on child development at this important juncture in the field.
Defining developmental health in early childhood
The early years of a child's life -the time between birth and age 5 -represent sensitive periods for development (Knudsen, 2004) . The developing brain is influenced from the time the fetus is in utero and it continues to change through neuro-synaptic pruning over the first months and years of a child's life (Aylward, 1997; Levitt, 2003; Monk et al., 2001) . Neuropsychological research suggests that rapid growth of children's brains during this time makes them particularly susceptible to environmental stimuli both positive and detrimental to development (Fox et al., 1994; Ursache and Noble, 2016; Noble et al., 2015) . Through a process called biological embedding, social and environmental experiences in a child's early years are theorized to shape physiological changes that have lifelong protective or detrimental effects on children's learning, behavior, health and wellbeing (Boyce and Ellis, 2005; Hertzman and Boyce, 2010; Vimpani, 2000; Mitchell et al., 2014) . Recent advances in neuroscience, allowing for direct measurement of the brain, confirm the strong association between poverty and brain growth in the first three years, resulting in differences in gray matter volume between children in families of varying socioeconomic status (Hanson et al., 2013) .
The concept that children's developmental health is both an outcome of their early experiences and a predictor of future life success has profound implications for its measurement. While definitions of developmental health in early childhood have historically focused on academic and cognitive qualities such as literacy and numeracy (Kagan, 1999 (Kagan, , 1992 , contemporary conceptions extend this definition to include physical changes (including health-related factors) as well as social and emotional factors that are related to early life (Heim et al., 2004; Bartley et al., 1994; Stern et al., 2000; Wadsworth and Kuh, 1997; Scott-Little et al., 2006; Shonkoff and Phillips, 2000) . This broadened conception is accompanied by a growing interest in measuring developmental health in association with communities where children live. Love et al. (1994) , for example, proposed a methodology for assessing children's development in a way that is sensitive to the influence of local, cultural, and social issues. Where concepts of developmental health have increasingly focused on understanding the complex interactions between properties of individuals and systems, however, new challenges have emerged with regards to measuring and modeling these concepts, which we discuss later in this paper.
Situating the neighborhood effects literature in the bio-ecological model
The claim that a child's place of residence makes a difference to their developmental health is made in at least three bodies of theory. First, Urie Bronfenbrenner's bio-ecological, or person-process-contexttime framework for human development (Bronfenbrenner and Morris, 2007; Bronfenbrenner, 1979 , Bronfenbrenner, 1999 , suggests that developmental change must be understood as the product of the sustained interaction between a child, meaning their characteristics, and the features of their immediate and distal environments over time. The person characteristics refer to the developmental, biological, and psychological aspects of the developing child. Processes that lead to developmental change may include parent-child or child-child activities, group or solitary play, reading, learning new skills, studying, athletic activities and performing complex tasks. The environments that constitute the bio-ecological systems framework refer to a series of nested contexts ranging from intimate to distal, or what Bronfenbrenner refers to as "micro" to "macro". The intimate contexts refer to the child's family, childcare facility, and neighborhood of residence -those within which the processes leading to developmental change play out constantly through direct and reciprocal interactions between a child and objects or other people. The more distal contexts include interactions that occur between systems or environmentssome which the child interacts with directly (e.g., the family and the school) and others that indirectly influences their developmental health (e.g., local or national policies). For example, policies about childcare provision may influence childcare availability and quality, which in turn determines the social and environmental stimuli that children encounter. In our view, the bio-ecological approach offers a useful framework to conceptualize a wide array of contexts that may influence children's developmental health. Given its breadth, however, it is difficult to operationalize and test it as a whole. Instead, as Bronfenbrenner (1999) has suggested, the research literature is rich with "latent paradigms" or frameworks that implicitly offer empirical support for the model.
A second theoretical body of literature casts a sociological lens on the relationship between children's early development and the effects of poverty in their residential environments. Research of this kind may be traced to work from the US in the 1980s that began in response to concerns about a growing underclass of people living in ghettos. Poor neighborhoods were perceived as disadvantages to their residents, isolating them from opportunities (Wilson, 1987) . This perspective suggests that neighborhoods may indicate place-based inequalities in the distribution of social and environmental risks and opportunities for developmental health. In a recent review of the neighborhood effects on health literature, Galster (2012) mapped out the social, environmental, geographic, and institutional mechanisms that are theorized to link neighborhoods to individual health. In neighborhoods where residents work towards common goals (Sampson et al., 1999 (Sampson et al., , 2002 , or in areas where people share similar behavioral and attitudinal norms (BrooksGunn et al., 1993; Kohen et al., 1998) , residents may be more likely to share resources, and to monitor and support their local children (Froiland et al., 2014; Leventhal and Brooks-Gunn, 2000; Sampson et al., 1999) . Contact among residents may mean that children are more likely to share behaviors or attitudes towards problem behavior (Froiland et al., 2014; Leventhal and Brooks-Gunn, 2000) . Parents' perceptions of their neighborhoods may also be influenced by their social environment, which may in turn affect the parenting strategies that they use within their homes (Roosa et al., 2003) . There may be damaging developmental consequences as a result of exposure to environmental hazards, such as lead in soil and paint; asthma-inducing air pollutants may be more prevalent among disadvantaged areas (Earls and Buka, 2000; Litt et al., 2002; Ash and Fetter, 2004) . Some neighborhoods may be located within political jurisdictions that have fewer resources for childhood or family services, or have operational challenges which lead to services that are inferior in quality (Galster, 2012) . Finally, vital societal resources (e.g., schools, healthcare, social services, etc.) in neighborhoods may employ people who do not necessarily live in the neighborhood but who may be role-models for children (Brooks-Gunn et al., 1993) . This strand of work is significant because it not only describes how neighborhoods come to differ from one another, but also operationalizes the importance of specific characteristics on health and development relative to other influences.
Third, social epidemiologists have theorized about structural determinants of health, providing a framework for understanding the pervasive influence of context in shaping individual wellbeing, including how it may vary by neighborhood. This framework emerged from theories about the social causation of health which gained traction in the 1990s, suggesting that socioeconomic status, social networks, and power divisions, are the "fundamental causes" of disease (Link and Phelan, 1995) . The structural determinants of health are the mechanisms -arising from the arrangement of labour markets, collective beliefs, government policies -that "generate stratification and social class divisions in society, and that define individual socioeconomic position within hierarchies of power, prestige, and access to resources" (Solar and Irwin, 2010) . They are theorized to influence developmental health in early childhood because in part, they drive the differential distribution of factors that promote or undermine development (e.g., social resources, institutional resources, exposure to environmental risks) across geographies (Solar and Irwin, 2010) . For example, local zoning laws may determine how opportunities for healthy food choices or green space are distributed between and within neighborhoods (Chum, 2011) . The political debates surrounding gentrification and mixed-income development are other examples of the social hierarchies created at a level upstream of the neighborhood, which may come into play at a neighborhood level to promote or mitigate developmental inequalities (Berube, 2010; Darcy, 2010; Joseph, 2010) . To date, however, the majority of evidence in the social epidemiological literature concerns the impacts of inequality in neighborhood conditions, income, and social position without addressing the structures that create hierarchies in the first place. Amidst this growing chorus of calls for social epidemiology to pay greater attention to political and economic systems that produce and distributed wealth and opportunity, there have also been appeals for more policy-relevant evidence linking neighborhood inequalities in developmental health to their "macrosocial" determinants (Shankardass and Dunn, 2012 , Blas et al., 2008 , Putnam and Galea, 2008 , O'Campo, 2012 .
Gaps in understanding neighborhood effects
Despite the many theories about how neighborhoods may affect developmental health, the empirical evidence on the neighborhood effects on health offers little that may be translated to policy action (Galster, 2012 , van Vuuren et al., 2014 . Neighborhood poverty (or socioeconomic status) and its association with developmental health continue to be the most studied neighborhood level characteristics (Jackson et al., 2009) . Statistical analyses of the association between neighborhood poverty and health involve multilevel modeling to disentangle neighborhood impact from those of individual characteristics on health. However, these models have been criticized for oversimplifying contextual effects by estimating the residual left over when multilevel regression methods have supposedly eliminated compositional effects (Tunstall et al., 2004; Oakes, 2006) . Macintyre et al. (2002) refer to this problem as a false dichotomy between context and composition. The conceptual interplay between person and their places that is central to the bio-ecological model of development is artificially separated in these statistical models, leading to confusion about the direction of causation and of the mechanisms involved.
Statistical analyses using theoretical frameworks that adequately account for the complex interplay between person and place, especially the bio-ecological framework, are markedly absent from the literature on developmental health. A recent review found that fewer than one third of studies on the neighborhood effects on children ages 0-18, published between 2003 and 2013, provided a theoretical rationale to explain their statistical model or even why the neighborhood socioeconomic indicators that they used were chosen (van Vuuren et al., 2014) . Sharkey and Faber (2014) express this problem as an imbalance between the large number of studies whose aims are to test whether neighborhood factors are associated with health outcomes and the relatively fewer number that specifically examine why (or how), where, and for whom these matter.
The recent emergence of population-level databases linking data on place and children's developmental outcomes is a signal that future research may be able to shift towards an agenda that prioritizes policyfriendly questions about how, where, and for whom neighborhoods matter, rather than dwell on the question of whether they do (Mountain et al., 2016; Guhn et al., 2016) . From a methodological perspective, we argue that these questions translate into empirical examination of (i) structural and mediating mechanisms of effect; and (ii) two types of moderating effects: i.e., first, involving the (neighborhood) context, and second, child characteristics, which may moderate the degree to which structural pathways and neighborhood mechanisms affect children's developmental health ( Fig. 1 ; Wu and Zumbo, 2008) . We thus review current research on the structural determinants, mediators, and moderators of the relationship between neighborhoods A. Minh et al. Health & Place 46 (2017) 155-174 and developmental health, to summarize current evidence on how, where, and for whom neighborhoods matter in early childhood, and to suggest gaps that future research may fill.
Methodology

Search strategy
We conducted a scoping review using the methodology proposed by Arksey and O'Malley (2005) . Unlike with systematic reviews, authors of scoping reviews will not typically assess the quality of included studies; scoping reviews also differ from narrative or literature reviews in that authors will analyze and reinterpret the literature (Levac et al., 2010) . Because recent reviews have already provided comprehensive accounts of the literature (van Vuuren et al., 2014 , Leventhal and Brooks-Gunn, 2000 , Sellström and Bremberg, 2006 , we undertook a scoping review to contribute a descriptive account of current research on mediation and moderation in the field. We therefore included for review only those papers that (1) were published in English in peer-reviewed journals after 2009, (2) studied children ages 0-6, and (3) statistically modeled the relationship between children's neighborhood residence and their developmental health, as broadly defined by validated assessments of children's development (Janus and Offord, 2007; Kagan, 1992; Doherty, 1997) (Table 1) . Gray literature was not included in our analyses. As well, because we suspected that the neighborhood effects on early childhood development may not be comparable between low-, middle-, and high-income countries, we limited our review to evidence from OECD countries. The study selection process is depicted in Fig. 2 .
We aimed to describe quantitative evidence on the structural determinants, mediators, and moderators in the relationship between neighborhoods and early childhood development. We defined early childhood as the period between birth and school entry (i.e. up to about the age of 6). We identified articles for review based on keyword searches in the following databases: EconLit, PsycINFO, ERIC, Academic Search Complete, Education Source, MEDLINE, Urban Studies Abstracts and Google Scholar. Combinations of the keywords neighborhood(s) or neighborhood(s), child, children were used to identify relevant articles. Specific terms relating to developmental outcomes that may have been included in the articles' full text, such as development, reading, writing, mathematics, math, physical, emotion, social, emotional, cognitive, cognition, communication, literacy, learning, education, outcome, influence, and effect were also included in the search.
Theoretical integration of literature review
We conducted two analytical steps to summarize and then conceptually integrate the evidence from the studies identified in this review. In step 1, we characterized studies according to the study population and sample size, the neighborhood characteristic(s) and child development domain(s) examined, and whether the study examined mediation and/or moderation (interaction effects), and the main finding(s). In step 2, we used the conceptual-methodological questions raised in the introduction as our organizing framework for integrating the findings conceptually. Specifically, we summarized (i) in what ways did studies address 'how' neighborhood characteristics are related to developmental outcomes (that is, via which structural and/or mediating neighborhood processes); (ii) in what ways did studies examine whether the association between structural and/or mediating processes and child development outcomes were moderated by place or setting, i.e. 'where' (that is, in which contexts), or by child characteristics i.e. 'for whom' (that is, for which children).
Results
Descriptive summary of studies
Forty-two research articles were identified from our search. Table 2 presents study characteristics (study population, sample size, developmental outcome examined, neighborhood definition and characteristics used, and whether the analyses examined mediation or moderation/ interaction effects) and a summary of the main findings from each of the reviewed studies. Reviewed studies pertained to populations in the United States (n=26), Canada (n=7), the United Kingdom (n=7), Norway (n=1), and Australia (n=1). Studies looked at a range of developmental outcomes, from specific outcomes (e.g., reading achievement) to overall developmental health as measured across a range of domains (e.g., school readiness). Samples sizes ranged from only 26-59531 children and/or families, in as few as two neighborhoods to as many as 2113 neighborhoods. Thirty-one of the studies employed multilevel analyses in which the nesting of children within neighborhoods was statistically accounted for.
None of the reviewed studies were experimental. Thirteen used longitudinal analytical methods and the other 29 used a cross-sectional design. All studies controlled for family-level variables that may be related to self-selection into neighborhoods, including family socioeconomic status (SES), residential instability, and maternal depression in their regression models. One study used a natural experiment design, comparing data from families in social housing with data from a control group of families from the general population . The authors reasoned that using data from the social housing cohort would minimize selection bias because residents of social housing presumably have limited opportunities to choose where to live due to housing allocation methods. Table 3 summarizes the results of our theoretical integration of the reviewed studies according their findings on (i) how, (ii) where, and (iii) for whom neighborhood residence may influence developmental health in early childhood. The table summarizes theories and relevant constructs that the reviewed studies examined; the indicators that were used; and cites a selection of the reviewed studies from which this information was gathered. The section on "how" describes theories about the structural mechanisms that appear to be related to neighborhood-level inequalities in children's developmental health. This section also summarizes theories about the neighborhood and family char- Table 1 Developmental domains in early childhood used for the search.
Theoretical integration
Domains
Developmental constructs
Physical health and well-being (PHWB) Physical readiness for the school day, physical independence, and gross and fine motor skills Social competence (SC)
Overall social skills, understanding of responsibility and respect, approaches to learning, and readiness to explore new things Emotional maturity (EM)
Prosocial and helping behavior, anxious and fearful behavior, overall happiness, and hyperactivity and inattention Language and cognitive development (LCD)
Basic literacy and numeracy, advanced literacy, and interest in literacy/numeracy Communication skills and general knowledge (CSGK) Skills with communicating needs and wants, the symbolic use of language, story-telling, and interest in knowledge about life and the world acteristics that mediate the association between neighborhood residence and child outcomes. The section on "where" summarizes theories of moderation of this association by place-based characteristics. Finally, the section on "for whom" summarizes theories that were explored using cross-level interactions i.e. moderation of this association by child-level characteristics.
How: Class, gender, and ethnic dimensions of place
We found that neighborhood poverty (or SES) was the most studied structural determinant of children's developmental outcomes, appearing in 34 out of the 42 studies reviewed. With the exception of 12 studies that were reviewed (Flouri et al., 2010b , 2010a De Marco and Vernon-Feagans, 2013; Benson and Borman, 2010 , Fedor et al., 2010 , Bubier et al., 2009 , Brown and Ackerman, 2011 , Callahan et al., 2011 , Fite et al., 2011 , Singh and Ghandour, 2012 , Froiland et al., 2014 , all studies described an association between neighborhood poverty or disadvantage and poorer developmental health (Cushon et al., 2011; Daly et al., 2009; Edwards and Bromfield, 2009; Flouri et al., 2013; Flouri et al., 2012; Hanson et al., 2011; Jeon et al., 2014; Kershaw and Forer, 2010; Kohen et al., 2009; Odgers et al., 2009; Vaden-Kiernan et al., 2010; Vanfossen et al., 2010; Riina et al., 2014; Sastry and Pebley, 2010) and/or an association between neighborhood wealth or advantage and better developmental health (Anderson et al., 2014; Benson and Faas, 2014; Dupere et al., 2010; Kershaw and Forer, 2010; Leventhal and Shuey, 2014) , with some evidence of diminishing returns in developmental health as wealth increases (Carpiano et al., 2009; Dupere et al., 2010) . Using the index of concentration at the extremes, a measure of inequality, Carpiano et al. (2009) observed that children's developmental outcomes at school entry in a Canadian province improved as neighborhood SES increased but only until a certain point. The authors concluded that neighborhoods that are socioeconomically heterogeneous may be protective for children's development compared with neighborhoods of either concentrated poverty or concentrated wealth.
Six of the reviewed studies examined gender or cultural dimensions of neighborhoods, implicating structural determinants that reinforce gender and ethnic divisions between spaces in the unequal distribution of developmental health (Kershaw and Forer, 2010; Leventhal and Shuey, 2014; Lloyd and Hertzman, 2010; Vaden-Kiernan et al., 2010; Hanson et al., 2011; Rydland et al., 2014) . Intersectionality is the theory that social stratification by gender, race, and class and, most importantly, intersections among these variables, may impact how power and opportunities for children's development are distributed across society (Choo and Ferree, 2010) . Guided by this theory, one of these studies by found that variables indicating place-based differences in the gendered dimensions of care-giving (e.g., neighborhoods where most of the caregiving responsibilities were allocated to women), could better predict the development of British Columbian children at school entry when considered with neighborhood SES than SES alone (Kershaw and Forer, 2010) .
The other five examined the relationship between ethnic or cultural dimensions of children's neighborhoods and developmental health but findings were mixed. Two studies in this review-one in Canada and two in the United States-observed that a higher concentration of ethnic, immigrant and language minority individuals within the neighborhood was associated with positive child development outcomes after controlling for neighborhood SES (Leventhal and Shuey, 2014; Lloyd and Hertzman, 2010; Vaden-Kiernan et al., 2010) . Two other studies, from the United States and Norway, observed the opposite: that a higher concentration of ethnic majority children was associated with positive developmental outcomes (Hanson et al., 2011; Rydland et al., 2014) . 
Table 2
The reviewed studies and their results.
Citation
Study population (setting, sample size)
Main model parameters
Mediator ( The proportion of neighborhood residents from minority race/ethnic groups was not associated with reading achievement at school entry or during summer.
Brown and Ackerman (2011)
Children enrolled in an urban Head Start preschool as well as their mothers and teacher (US, n=113) 
Caughy et al. (2013)
Families living in a low-income, primarily African American neighborhood, with over selection of families with children aged 5-13
(US, City in the Southwest, n=261)
• Behavioral problems • Circles of increasing radius surrounding the child's place of residence.
• Physical conditions • Behavior of children's peers NA NA Poor conditions of the physical environment of the neighborhood were related to more behavioral problems, and the geographic extent of the physical environment that mattered was an area with a radius between 400 and 800 m surrounding the child's home. In addition, the average level of behavior problems of neighborhood peers within 255 m of the child's home was also positively associated with child behavior problems. These effects were independent of one another.
Cushon et al. (2011)
• School readiness NA NA Poverty was significantly associated with declining (continued on next page) 
Delany-Brumsey et al. (2014)
Children from the age of 5-17, whose primary caregiver was female (US, Los Angeles, n=741)
• • Behavior concerns
Children in low-violence communities exhibited greater parent-reported behavior concerns than children in high-violence communities and no significant differences were found on levels of protective factors.
There was not a significant interaction effect between gender and community type for any of the scales measured.
(continued on next page) (continued on next page) 4.3.1. How: Evidence of neighborhood mediators Structural factors exert their influence on children's development by determining the distribution of resources or risks that may alter development (i.e., via neighborhood-level mediators). This review found the most evidence of mediation for neighborhood social-interactive mechanisms. Social-interactive resources or the lack thereof were examined with indicators such as parents' perceived social and physical disorder, fear of retaliation or victimization , and researchers' ratings of noise and safety (De Marco and Vernon-Feagans, 2013) . Though one study found no relationship between neighborhood social capital and behavioral outcomes (Delany-Brumsey et al., 2014) , and another found that behavioral problems were more common within neighborhoods with less violence (Fedor et al., 2010) , the majority of studies found evidence to support theories that social-interactive mechanisms mediate the relationship between neighborhood SES and developmental health. Studies found that a lack of safety, increased neighborhood social disorder, less belonging, less social cohesion, and a lower potential for community involvement with children (or collective efficacy), was directly related to worse language, emotional, and behavioral outcomes for children (Bubier et al., 2009; Brown and Ackerman, 2011; Callahan et al., 2011; Fite et al., 2010; Singh and Ghandour, 2012; Froiland et al., 2014; Riina et al., 2014) ; and in many cases, partially explained the association between early developmental health and neighborhood disadvantage (Edwards and Bromfield, 2009 , De Marco and Vernon-Feagans, 2013 .
By contrast, the reviewed studies provided relatively less evidence supporting theories of institutional or geographic mechanisms; none of the studies provided evidence on environmental mechanisms that link neighborhood residence with developmental health. One study examined remoteness, a geographical mechanism, but found that it failed to explain the relationship between neighborhood SES and Australian children's conduct problems (Edwards and Bromfield, 2009 ). Institutional processes that were examined included school-advantage, child-care quality, and neighborhood facilities and services. Greater school advantage (measured as the proportion of students not eligible to receive free lunch or achievement levels) (Dupere et al., 2010 , Midouhas et al., 2014 , higher quality child-care institutions (measured according to the quality of stimulation and support given to children in the child care setting) (Dupere et al., 2010, De Marco and VernonFeagans, 2013) , and a stronger relationship between caregivers and children at childcare institutions (Dupere et al., 2010) , partially explained how neighborhood advantage may be related to better language and cognitive development in early childhood. Edwards and Bromfield (2009) found, however, that the relationship between neighborhood SES and children's behavioral outcomes was not significantly explained by the quality of neighborhood facilities such as parks, play-spaces, roads, and access to shopping, services and transportation. Leventhal and Shuey (2014) found no relationship between the presence of youth services in a neighborhood and children's behavioral functioning, when controlling for other neighborhood and individual-level variables.
All of the above neighborhood-level mechanisms may exert their influence on developmental health by subsequently altering aspects of children's family lives, including their parents' access to resources to support children's development, parental wellbeing, and parenting behaviors. Studies in this review found that the quality, structure, and nature of the family environment explained at least part or all of the relationship between neighborhood SES and developmental health (Froiland et al., 2014; Ackerman, 2011 Dupere et al., 2010; Flouri et al., 2010b , Heberle et al., 2014 , Jeon et al., 2014 , Kingston et al., 2013 , Singh and Ghandour, 2012 . Children who lived in more advantaged neighborhoods had better early language and cognitive development, as measured by their vocabulary and reading scores in Grade 1; this association was partially explained by more learning materials at home, heightened parental Note: PHWB = Physical Health and wellbeing, SC = Social competence, EM = Emotional maturity, LCD = Language and cognitive development, CSGK = Communication skills and general knowledge, NA = Not applicable.
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Social-interactive mechanisms
Collective efficacy/Social disorganization In neighborhoods with high levels of "mutual trust or willingness to intervene or the common good" of the community, residents trust one another and work together to: fight cuts to services such as recreational facilities or healthcare; maintain their neighborhoods against neglect, destruction, or abandonment, which can directly impact child emotional well-being; and provide social support to one another. Concentrated economic disadvantage and population instability can erode trust and the willingness of residents to act for the common good, which may compromise parenting and family management processes, such as child monitoring. Parents may have more difficulty accessing resources in the community, such as after school programs or extracurricular activities that might foster child development. Safety concerns can also limit children's opportunities to play. Norms and Collective socialization When many families in a community share similar practices regarding children, strong collective norms may develop. In this way, adults in a neighborhood can influence young people who are not their children, acting as role models for young children; as enforcers, monitoring children's behaviors, maintaining order, and intervening when necessary.
Collective efficacy
Social capital
Social cohesion Collective socialization
Collective efficacy Mutual assistance between neighbours Informal social control De Marco and Vernon-Feagans (2013); Delany-Brumsey et al.
(2014); Leventhal and Shuey (2014) Social networks Relationships between early childhood well-being and neighborhood characteristics may be mediated through support networks available to parents, parental behavior, and the home environment. Family-level The neighborhood may affect (through any of the mechanisms listed) parents' physical and mental health, stress, coping skills, sense of efficacy, behaviors, and material resources. All of these, in turn, may affect the home environment in which children are raised. 
Social networks
Family adversity
Institutional mechanisms
Institutional resources Affluent neighborhoods may have higher-quality public and private services. Adults who live outside the community but work in these institutions (e.g., school teachers, community centre workers, and librarians) can influence children's development. 
Geographical mechanisms
Geographic isolation Geographic isolation may limit residents' access to jobs, shopping outlets, and public institutions putting children's development at risk, but may also be a protective factor given less exposure to drugs, violence, and other social problems.
Remoteness
Distance to good, services, and opportunities for social participation Edwards and Bromfield, 2009 Environmental mechanisms
Toxin exposure Children may be exposed to unhealthy levels of air-, soil-, and/or water-borne pollutants because of the current and historical land uses and other ecological conditions in their neighborhoods
Toxin exposure
Air-pollution levels Lovasi et al., (2014) Where: Dependence on place characteristics
We did not find evidence of theoretical frameworks that describe moderation of the neighborhood-developmental health relationship by place.
Rural vs. urban
Rural/Urban Lloyd and Hertzman, 2010
For whom? Dependence on child characteristics Biological sensitivity Nervous system functioning may buffer the effect of stressors associated with neighborhood deprivation because it is related to greater self-control and strengthened control over emotions. Exposure to stressful environments may heighten stress reactivity. Children with high stress reactivity are hypothesized to (a) be at 
Autonomic functioning
Sympathetic functioning
Developmental delay
Developmental screening
Parental emotional regulation
Harsh parenting (continued on next page)
A. Minh et al. Health & Place 46 (2017) 155-174 How: Structural mechanisms and mediators (neighborhood and family-level) Structural mechanisms able to regulate their own emotional reactivity in response to stress from neighborhood conditions. The effects of harsh parenting may thus be exacerbated.
Attachment
For children whose security in the home is threatened violence or neglect, relationships with and between adults in the neighborhood may be compensatory sources of emotional support. The extent to which an abused child views adult neighbours as trustworthy may reduce chronic feelings of fear and distress.
Parent-to-child physical aggression
Conflict tactics Riina et al., 2014 Programs and services High levels of program attendance may buffer the impact of neighborhood problems on child depressive symptoms.
Program attendance
Weekly program attendance Fite et al. (2010) Other We observed a lack of theoretical frameworks describing race or ethnicity as a moderator of neighborhood effects amongst the reviewed studies.
Race/ethnicity
English as a second language Puchala et al. (2010) ; Singh and Ghandour (2012) ; Leventhal and Shuey (2014) Integrative models Integrated process model Neighborhood structure and quality affect parental perceptions, behavior, experiences and child behavioral and cognitive outcomes directly, but neighborhood characteristics can also serve as moderators of specified associations between parental behavior and perceptions. Neighborhood processes, such as social climate, also serve to attenuate or enhance associations between parenting and child outcomes. influence contexts (e.g., neighborhood) in which children develop; the bidirectionality of influence is such that contexts (e.g., neighborhood social cohesion) also affect individuals (e.g., children's behavior). In addition, characteristics of contexts may interact (e.g., concentration of immigrants and social ties) to influence development. responsiveness, and a higher level of stimulation at home compared with children in less advantaged neighborhoods (Dupere et al., 2010) . By contrast, children in deprived neighborhoods had worse emotional development, an association that was partially explained by higher maternal or paternal depression or distress (Jeon et al., 2014; Flouri et al., 2010a; Heberle et al., 2014) . Children living in neighborhoods with more negative social climates were found to have greater risk of behavioral problems, an association that was statistically explained by parenting practices . Only two studies that examined characteristics of the family environment as a mediator failed to find evidence to support this claim. Vaden-Kiernan et al. (2010) found that neither family-level SES or family social factors (including family involvement with the child's education) significantly explained any of the relationship between neighborhood SES and child outcomes. Midouhas et al. (2014) found that neither reading to the child nor home organization explained the relationship between neighborhood SES and children's emotional and behavioral problems.
Where: Neighborhood-level moderators
The mechanisms that alter early childhood development, whether they originate from the neighborhood or family level, may have a stronger or weaker impact depending on where they occur. Six of the reviewed studies provide insight into the place-based factors that may moderate the relationship between neighborhood characteristics and child development outcomes (De Marco and Vernon-Feagans, 2013 , Leventhal and Shuey, 2014 , Odgers et al., 2009 , Kingston et al., 2013 , Puchala et al., 2010 , Lloyd and Hertzman, 2010 . However, studies seemed to lack common conceptual frameworks or methodological guidelines-in some instances, it appeared that moderation effects were not tested based on theoretical hypotheses, but were reported because the statistical analyses were conducted in a way that generically tested main effects and interaction terms.
Two studies found that the concentration of immigrants in a neighborhood had a stronger association with children's development, but that this association was dependent on the outcome considered, the racial/ethnic group in question, and the urbanicity of the neighborhood (Lloyd and Hertzman, 2010; Leventhal and Shuey, 2014) . Odgers et al. (2009) found that improvement in children's emotional development was related to collective efficacy in the neighborhood -residents' ratings of shared norms in the neighborhood, trust, and the likelihood of their neighbours to intervene (Sampson et al., 1997) -but only if these children lived in deprived neighborhoods and not if they lived in affluent ones. De Marco (2013) found that collective socialization moderated the relationship between neighborhood safety and child care quality which was related to children's receptive language skills. One study found that children were less likely to engage in externalizing behaviors despite having less-involved parents, but only if they lived in neighborhoods that had many adults, compared to neighborhoods with fewer adults (Kingston et al., 2013) . The authors concluded that results pointed to the importance of interventions that addressed community resources, rather than focus solely on interventions that primarily promoted parental engagement. Finally, one study found that the extent to which developmental inequalities existed between groups of children differed between places. Specifically, children who spoke English as a second language (ESL) had lower communication and general knowledge scores compared to native English speakers, but the gap between ESL and non-ESL children was greater in ethnically homogeneous neighborhoods than it was in neighborhoods with greater diversity (Puchala et al., 2010) .
For whom: Child-level moderators
Studies examined cross-level interactions to determine whether children's developmental status, health, or social background shapes the extent to which neighborhood mechanisms alter their development.
Cross-level interactions involve a variable indicating neighborhoodlevel risks or resources (such as income or employment, or social climate and community involvement with children) interacting with a variable indicating risk or resources at the child or family level (such as family income or the quality of the parent-child relationship (Lima et al., 2010) , or adverse events like a death in the family (Flouri et al., 2010b) ).
Some significant cross-level interactions were observed in this review. First, three studies found evidence that the characteristics of children -their experiences of environmental exposure, their cognitive abilities, and their nervous system functioning -moderate the relationship between neighborhood adversity and developmental health (Lovasi et al., 2014; Flouri et al., 2012; Bubier et al., 2009) . Lovasi et al. (2014) looked at pre-natal toxin exposure as a moderator of the effect of neighborhood structural features -including indicators of poverty, education, and cultural isolation -on cognitive development at age 5, among African American children from New York City. They found that for children with high prenatal exposure to the environmental toxin, polycyclic aromatic hydrocarbon (PAH), neighborhood disadvantage was associated with worse performance on an intelligence test at age 5 than among children with low prenatal PAH exposure. Flouri et al. (2012) found that verbal and non-verbal cognitive ability moderated the association between neighborhood deprivation and emotional and behavioral problems. In a study of 57 children from high-poverty neighborhoods, Bubier et al. (2009) observed that children whose nervous system function indicated higher risk of behavioral problems had fewer externalizing behaviors in highly cohesive neighborhoods. Contrary to their hypothesis, however, they also observed that for children whose nervous system functioning indicates greater sensitivity to contextual influence, there was a greater risk of externalizing behaviors associated with more neighborhood cohesion.
Four studies also found evidence that the neighborhood effects on development depend on children's familial life (Lima et al., 2010; O'Campo et al., 2010; Callahan et al., 2011 , Kingston et al., 2013 . Two of these found that stressful family environments, including the experience of family adversity and harsh parenting, augmented the negative effect of neighborhood adversity on their emotional development and behavioral outcomes (Lima et al., 2010; Callahan et al., 2011) . Two other found that, children who reported violence in their family through intimate partner violence Campo et al., 2010) or physical aggression from their parents (Riina et al., 2014) failed to experience the benefits to their social and emotional development that might have come from living in neighborhoods with high levels of community involvement and social cohesion. Riina et al. (2014) additionally found that age was a factor in this moderating effect. In their study, while social cohesion buffered the effect of violence at home for children above the age of 11, the same protective effect was not observed for young children. By contrast, one study found that children with supportive family environments were found to experience augmented benefits from living in advantaged neighborhoods (Kingston et al., 2013) . In a study conducted in an urban area in the United States, children who had parents that were highly involved with their children's education were found to have better social development than children whose parents were less involved, particularly if they lived in affluent neighborhoods (Kingston et al., 2013) .
One study found a protective effect of accessing community-based programs. From a sample of 147 children between the ages of 5-13 years, Fite et al. (2011) observed that children had fewer behavioral problems and depressive symptoms if they lived in a neighborhood with greater social and economic problems, but more frequently attended the community-based care program.
The findings from this review, however, do not yet provide conclusive evidence about which combinations of neighborhood and child-family-level risks or resources are most impactful for predicting specific developmental outcomes. For example, studies found inconsistent results for the moderating effects of gender, race/ethnicity, and immigrant status (Leventhal and Shuey, 2014; Fedor et al., 2010; Singh and Ghandour, 2012) in the relationship between neighborhood conditions and developmental health. Two studies failed to find an association for the interaction between family adversity and neighborhood SES on children's psychopathology (Flouri et al., 2010a (Flouri et al., , 2010b . One study failed to find an interaction between caregiver depression and neighborhood social capital on children's behavioral problems (Delany-Brumsey et al., 2014) . While Vaden-Kiernan et al. (2010) observed a large number of moderation effects, there was no clear pattern to their results. The characteristics of families and children that exacerbate or dampen the neighborhood effect on developmental health may be specific to both the developmental domain and to the neighborhood mechanism at work.
Discussion
The last few decades have seen an increase in quantitative evidence to show that children's residential environments are related to their early developmental health. Using research from 2009, we attempted to show not only the importance of residential environments, but also what the evidence says about how, where, and for whom neighborhoods matter. In terms of 'how' neighborhoods influence developmental health, the evidence from our review would suggest that social inequalities between neighborhoods are related to variability in early childhood development. These effects are mediated through social interactive mechanisms such as safety or the likelihood that the community would intervene on children. However, less is known about the how environmental, geographical, and institutional mechanisms link neighborhood residence to developmental health.
The reviewed evidence also showed that neighborhood mechanisms are related to the differences in children's family environments. In the majority of studies that examined family-level variables, such as the learning environment at home or parenting practices, family-level variables were found to explain all or part of the association between neighborhoods and children's development. These studies underscore the importance of the environment that is most proximal to the child, the family, while recognizing that families exist in relation to the people, resources, and opportunities within their residential environments.
In terms of 'where' and 'for whom' the reviewed research demonstrates that developmental inequalities between neighborhoods may be magnified or buffered in some places but not others, and for some individuals but not others. The same mechanism that is important to developmental health in some areas may not be relevant in others. Similarly, while there is a social gradient in developmental health in relation to neighborhood SES, characteristics and experiences of the child with regard to their health, social position, and family environment, may make some more vulnerable to poor developmental health than others. Most of the reviewed studies did not refer to a cohesive theory for driving research about which place-or child-level characteristics interact with one another to impact which developmental outcomes and why. The field may therefore benefit from striving toward greater conceptual-methodological integration.
5.1. Knowledge gaps about how: gender, ethnicity, and other structural determinants A number of knowledge gaps remain. First, there is less clarity about the developmental impact of social divisions between neighborhoods by gender, ethnicity, and race, perhaps because compared with SES (or poverty) less data exists to operationalize such stratifications. Available data may also fail to adequately capture the complexity of such concepts. Only one of the reviewed studies attempted to identify gendered dimensions of children's residential environments that may be related to their developmental health (Kershaw and Forer, 2010) . While a number of the reviewed studies looked at ethnic dimensions of neighborhoods, their findings were mixed, suggesting little in the way of conclusions about how ethnicity and place come together to influence developmental health.
Given prominent early conceptualizations of racial segregation as key mechanisms through which social disparities are reinforced (Wilson, 1987; Williams and Collins, 2001; Charles, 2003) , the failure for studies to find conclusive evidence of these theories signals a need for more research. To adequately investigate such aspects of social stratification of opportunities and resources by place, it may be important to develop data sources that would allow one to operationalize concepts of race and ethnicity. Fully characterizing the social inequalities that racialized and ethnic minorities experience in association with their residential environments may not only require assessment of self-reported race and ethnicity but also multiple aspects of racism, or acculturation that contribute to health and disease. At the institutional level, residential segregation is a mechanism for racism that can restrict children and families from accessing needed resources such as quality schools and services. The subjective experiences of discrimination can negatively affect mental and physical health (Paradies et al., 2015) . The inconsistency seen in the current quantitative evidence would suggest that there may be a need for ongoing theoretical development about how these concepts underlie area-based deprivation and developmental inequality and how they can be measured.
Perhaps more importantly, there remains a gap in evidence about the social structures or policies that produce or reduce social inequalities by neighborhood. None of the studies in this review provided evidence of the structural macro-social factors that shape residential segregation (e.g., economic restructuring, migration, discrimination, and public policies). These upstream forces drive social differences across areas or neighborhoods (Diez Roux, 2001) , and must therefore be linked to neighborhood differences and mechanisms.
Knowledge gaps about how: Improving inference about mediation via qualitative studies and natural experiments
Future research must also more deeply explore how the way children and their families interact with their neighborhood is shaped by the variability in neighborhood characteristics, and how it may contribute developmental inequalities. Though our review found much evidence to support social-interactive mediators of the relationship between neighborhoods and developmental health, we also observed that mediation effects remain a challenge for statistical studies on neighborhood effects on child development. Unlike models in which there are clear etiological pathways or temporal precedence of exposure, mediator, and outcome, the statistical examination of neighborhood impacts reviewed in this study was continually hampered by a lack of distinction in the temporal ordering of indicators of neighborhood exposure, neighborhood or family-level mediators, and developmental outcome. This is especially true of family-level variables. While they strongly explain the statistical association between neighborhood SES and developmental health, it is unclear whether they do so because they in fact mediate the relationship or because there is a tendency of families with certain characteristics to self-select into neighborhoods of certain kinds. These debates recall questions about whether it is theoretically important and/or appropriate to distinguish between composition (family and individual-level) and context (neighborhood) (Macintyre et al., 2002) .
Rather than attempt to statistically separate context and composition, we therefore suggest two approaches to help future research elucidate mediation. First, neighborhood effects researchers may incorporate qualitative methods into their studies, which have historically complemented and strengthened quantitative evidence about the mechanisms linking neighborhoods with developmental health in early childhood (Galster, 2012) . Such methods may allow researchers to meaningfully engage in discussions of mediation that extend its definition beyond traditional cause and effect models towards the more dynamic models of people and the places that they live in, that is suggested by the bio-ecological theory of developmental health.
Second, the challenge of understanding mediation may be addressed in studies using natural experimental designs, which take a more pragmatic, intervention-based approach to understanding the modifiable aspects of neighborhood effects on developmental health. For example, neighborhoods periodically change as a result of policies or due to grass-roots efforts by residents. They also may change due to rise in property prices or industrial events, such as closure of sources of employment (Formoso et al., 2010) . The study of developmental consequences of these changes may be thought of as natural experiments involving variation to characteristics in the environment. Such studies have the benefit of not only examining mediators by examining modifiable pathways and interventions, but also generating evidence about the actions that will be most effective and efficient under different conditions (Braveman et al., 2011) . Within the counterfactual framework, these studies also have the benefit of reducing selection biases that have hindered the inference of causal relationships in observational studies. For these reasons, we join others in recommending that neighborhood effects research brings together data that may be used in the analysis of natural experiment designs (Diez Roux, 2008; Galster and Santiago, 2015) .
Knowledge gaps about where and for whom
While the reviewed evidence as yet do not lead us to draw conclusions about where and for whom neighborhood effects are important, they do reinforce the notion that the neighborhood effects on developmental health are not generalizable across all places or all people (Sharkey and Faber, 2014) . These findings may have profound implications for ensuring that research evidence informs policies with greater specificity. The unintended consequences of failing to account for differences by population or place have been demonstrated in studies of the Moving to Opportunity project -a housing intervention giving low-income residents the opportunity to move to more affluent neighborhoods -which was found to effectively improve the mental health of young girls but was deleterious to the delinquent behavior of young boys (Osypuk et al., 2012) . Similarly, previous findings that family factors interact differently with children's outcomes in rural and urban areas (Janus, 2011) suggest that the constraints or opportunities afforded by the characteristics of the settings may be necessary considerations for developing effective policies. Researchers may therefore look across groupsand settings to understand how neighborhood characteristics (such as social climate, or urbanicity) or individual characteristics (such as ethnicity, and gender) may shape children's experiences of policy changes and interventions. Such efforts should also aim to strengthen underdeveloped theories about where and for whom neighborhoods are important to children's developmental health.
Emerging possibilities for studying neighborhood effects on early childhood development
In the past, researchers faced limitations with describing how, where, and for whom neighborhoods matter, due to logistical challenges with capturing data at multiple ecological levels, over time, and for large enough populations that allow test of effects at neighborhood, family, and child levels. Today, such barriers are being broken down. In Canada, for example, a coalition of researchers and governments are collaborating Canadian Neighborhoods and Early Childhood Development project (CanNECD; Guhn et al., 2016) . CanNECD has a research agenda that aims to monitor children's development and their neighborhoods across the country and over multiple time points. The developmental data, representing almost 90% of children from over 2000 neighborhoods across the country and over multiple time points, already linked with customized sociodemographic data, offers opportunity to study the association of child development and neighborhood across jurisdictions (e.g., Webb et al., 2017 , Guhn et al., 2016 , and may be further linked with other data sources (e.g., economic data, policy data) to systematically test hypotheses about the structural processes that create social hierarchies within and between neighborhoods (i.e. macro-social determinants). One may, for example, compare early childhood development across many time points and jurisdictions across Canada to investigate the impact of different policy environments as they change. These data may also help researchers to identify key neighborhoods into which one might conduct qualitative studies that add depth to existing theories about gender and ethnic divisions of place; or to further explore mechanisms that link neighborhood residence with inequalities in early childhood development. Together, such studies fill gaps in knowledge about how neighborhoods influence early childhood development. Finally, because this monitoring system collects representative data, it has the statistical power to support a research agenda that aims to understand the features of place and individual children which moderate the relationship between neighborhood residence and developmental health i.e. where and for whom. Given a unique population-level database, projects such as CanNECD present opportunities to examine questions about how, where and for whom certain neighborhood characteristics are most salient in a way that was not previously possible.
Conclusion
From Urie Bronfenbrenner's first iteration of an ecological systems theory of human development (Bronfenbrenner, 1979) to his bioecological theory of human development, as presented in 2006 (Bronfenbrenner and Morris, 2007) , the person-process-context-time model presented challenges with to operationalization. Its complexity is in its portrayal of the multiple processes taking place across a number of ecological levels and over time that jointly affect child development outcomes. The recent development of benchmark data on neighborhood and developmental indicators would be a starting point for this research agenda. This review suggests that from within the ongoing challenges of researching the how, where, and for whom neighborhoods are important to developmental health, there emerge opportunities to advance the evidence in this field.
